110                        CEMENTATION OF IRON AND STEEL

1.  Avoid effecting the cementation at too low a temperature and, in any
case, cement at a temperature higher than that of the point Ar3 of the steel
used.

2.  Avoid slow cooling after the cementation and before the quenching.
The first rule is simple and precise and does not require more detailed ex-
planation.    Some remarks on the second, however, seem opportune.

It is well known that in the practice generally followed in works for sur-
face cementation of machine pieces, or case-hardening, there is always a slow
cooling of the cemented pieces, starting from the temperature of the cementa-
tion and before the quenching. In fact, aside from the method adopted in
many works of letting the cemented pieces slowly cool in the cementation
boxes themselves, then heating them again in salt or lead baths to the harden-
ing temperature, slow cooling ordinarily occurs during the time necessary
to withdraw the cementation boxes from the furnace and remove from them
one by one the cemented pieces in order to harden them; and, in fact, with a
slowness amply sufficient to produce the phenomena of liquation which we
have studied.

We shall see later how, in the majority of cases, the disadvantages just
mentioned can be avoided by means of a "double quenching," executing the
first in water or oil at a temperature but slightly different from that of the
cementation. This can be done very easily, especially when the cementation
is not effected in the usual boxes but with mixed cements in fixed cementation
chambers. The second quenching is performed after having brought the
pieces by the usual salt or lead bath to the temperature suitable for final
quenching.

Finally, it is evident (and we shall see that experiment fully confirms it)
that the sudden, variations in the concentration of the carbon produced by
the phenomena of the liquation of the cementite and of the f errite must be the
more marked the more rapid the variation of the concentration of the car-
bon in the cemented zone, before the slow cooling which precedes the quench-
ing, and as long as the temperature remains about constant during the
cementation.

In fact, as we have seen, these sudden variations in the concentration of
the carbon are, so to speak, but an " exaggeration, localized in definite layers,"
of the continuous and uniform variation of this concentration which mani-
fests itself before the slow cooling, in the cemented zones, at temperatures
higher than the point Ar3 of the steel used.

The importance of working so as to obtain cemented zones in which,
before the cooling, the concentration of the carbon decreases as slowly as pos-
sible from the external layers to the deeper ones is therefore evident; in this
way the effects of the sudden variations in this concentration which may be
produced afterward by the liquation of the cementite and of the ferrite will
be reduced to a minimum.